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CERTAIN ADVANCES I N  METEORITICS 

Academician V. G. Fesenkov 

ABSTRACT 

The author describes meteorite 
/'/- 

discoveries  i n  the  
/ 

i past .  

the  o r ig in  of meteorites. Tekt i tes  are discussed i n  

grea t  d e t a i l .  The author concludes t h a t  a more de- 

Hypotheses are presented and analyzed regarding 

\ 
\ 

t a i l e d  study 

the problem. 

There is no doubt 

is necessary due t o  t h e  complexity 

- / 5  * 
PJ 

t h a t  t h e  study of meteori tes  i s  constant ly  

acquir ing grea te r  importance f o r  an understanding of the  s t r u c t u r e  

and t h e  evolution of cosmic matter i n  general ,  and t h e  o r i g i n  of 

our  s o l a r  system i n  pa r t i cu la r .  However, the  manifold and f i n e  

c h a r a c t e r i s t i c s  of meteoric matter are s t i l l  f a r  from being s tudied ,  

and a de ta i l ed  study of them is  a matter f o r  t he  fu ture .  

It is generally assumed t h a t  the WidmanstHtten s t r u c t u r e  of 

i r o n  meteorites r e s u l t s  from the  transformation of a high-temperature 

gamma phase i n t o  an alpha phase during cooling, o r  i n t o  a mixture of 

both phases. The temperature a t  which t h i s  transformation begins 

depends on the  n i cke l  content,  and can be estimated. 

In 1951, Fogel' postulated a somewhat d i f f e r e n t  model f o r  t he  

I 

~ 

* Note: Numbers i n  the  margin ind ica t e  pagination i n  the 
o r i g i n a l  foreign text. 
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formation of t h e  Widmanstatten s t ruc ture .  

phase w a s  s t a b l e  even i n  a l i q u i d  s ta te  i n  the  presence of a s m a l l  

amount of phosphorus ( in t en ths  of a percent ) .  

t h a t  such meteorites cool slowly within the  temperature range 600-400OC. 

H e  assumed t h a t  t h e  alpha 

But even he assumed 

It is  my opinion t h a t  stony meteorites have a much more d iverse  

s t r u c t u r e ,  and i n  addi t ion  t o  t h a t  a re  much more d i f f i c u l t  t o  i n t e r -  

p re t .  

wi th  d i f f e r e n t  isotopes.  

meteorites a l s o  cons is t  of kamacite and t a e n i t e ,  and very frequently - 

as Grey (Ref. 1) and o the r s  have observed - both these  types of 

p a r t i c l e s  are separated from each other and are completely surrounded 

by silicates. A study of such samples shows t h a t  a powerful crushing 

process m u s t  have once broken up the i n i t i a l  m a s s  i n t o  a g rea t  many 

s m a l l  particles, which then reformed i n t o  a compact mass. 

l i t y ,  sometimes fragments of one type of meteorite are found wi th in  

another type, belonging t o  a completely d i f f e r e n t  group - f o r  example, 

as V a l ' ,  Urey and o thers  indicated,  f ind ing  a black chondrite wi th in  

a white achondrite Cumberlend Fa l l s .  

They have a p a r t i c u l a r l y  great v a r i e t y  of chemical elements 

Meta l l ic  particles which occur i n  stony 

I n  actua- 

Chondrites are of very g rea t  i n t e r e s t .  Chondrules, which some- 

t i m e s  are found wi th in  them, are glass-l ike i n  appearance, and contain 

s m a l l  p a r t i c l e s  of m e t a l ,  a s  i f  they w e r e  formed during the  s o l i d i f i c a -  

t i o n  of l i q u i d  drops - as Sorbi assumed i n  1864. As i s  known, o the r  

chondrules have a c r y s t a l l i n e  s t ruc tu re ,  and look as though they were 

formed from t h e  c r y s t a l l i z a t i o n  of l i q u i d  drops. The simultaneous 

presence of l i q u i d  drops and pa r t i c l e s  of nickelous i r o n  makes the  
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formation of such a meteorite even more enigmatic. 

drops of s i l i c a t e s  and metallic p a r t i c l e s  w e r e  formed separa te ly ,  

and then were combined together.  It is not clear whether t h i s  

occurred i n  a vas t  cloud over the  sur face  of some primary objec t ,  

as t h e  r e s u l t  of numerous co l l i s ions .  

Apparently, 

- 16 

I n  addition, t h e  presence of diamonds i n  meteorites poses a 

p a r t i c u l a r  problem, s ince  t h e  formation of diamonds requires a 

r a t h e r  high pressure.  As i s  known, t h e  presence of diamonds w a s  

f i r s t  es tab l i shed  by Yerrfeyev and Lachinov i n  1888 i n  the  stony 

m t e o r i t e  lvovyy Grey (Ref. 2) .  

The f a c t  t h a t  many meteorites are penetrated by a network of 

veins, ranging i n  thickness from a f r a c t i o n  of a centimeter up t o  

hundredths of a m i l l i m e t e r ,  represents a s p e c i a l  problem. The 

narrowness of t he  veins and t h e  glass-l ike na tu re  of the  substance 

contained i n  them i n  anor th i t e  c rys t a l s  i n  e u c r i t e s  seem t o  poin t  

t o  very b r i e f  and only l o c a l  melting wi th  subsequent, rapid cooling. 

The veins have the  composition of the substance comprising them 

and a l s o  the  color: i n  some cases they are co lo r l e s s ,  and i n  o ther  

cases they are dark. They are frequently accompanied by finely- 

pulverized particles of t r o i l i t e ,  usually i n  t h e  form of drops con- 

t a ined  i n  a g lass - l ike  si l icate medium, which seems t o  po in t  t o  a 

high formation temperature. However, a t  a d i s t ance  of  several 

millimeters, c r y s t a l l i n e  grains of kamacite are sometimes encoun- 

t e r e d  (Ref. 3) with Neumann l i n e s  which cannot be  r e t a ined  above 

1OOO'Kwhen heated, and then only for a few seconds. 
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It can be seen from the  statements above t h a t  an i n t e r p r e t a t i o n  

of t h e  s t r u c t u r e  of meteorites i s  very d i f f i c u l t ,  while a study of 

t h i s  s t r u c t u r e  encounters even grea te r  d i f f i c u l t i e s .  Therefore, it 

i s  no t  su rp r i s ing  t h a t  no d e f i n i t e  dec is ion  has been reached regar- 

ding the  o r i g i n  of meteorites.  

meteorites were formed by t h e  d i s in t eg ra t ion  of a s t e r o i d a l  bodies,  

and t h a t  t h i s  d i s in t eg ra t ion  occurred with t h e  consumption of  only 

a s m a l l  amount of energy, without i n t ense  hea t ing  and without any 

change i n  t h e  i n t e r n a l  s t r u c t u r e  of t h e  parent  substance. 

t hese  so-called a s t e ro ids  had a very complex i n t e r n a l  s t r u c t u r e ,  

which w a s  only discovered when meteorites f e l l  i n t o  our  hands and 

m u s t  have been the  r e s u l t  o f  long, complex processes. 

d i f f e r i n g  opinions a t  t h e  present  t i m e  with respec t  t o  these  pro- 

ces ses . 

There i s  apparently no doubt t h a t  

However, 

There are 

Thus, f o r  example, Ringwood and Lovering (Ref. 4 )  have formula- 

ted  t h e  hypothesis t h a t  t he  parent body had an intermediate s i z e  

between t h e  e a r t h  and t h e  moon. But i n  a body of t h i s  s i z e ,  t he  

c e n t r a l  nucleus would have t o  be  l i qu id  during any period of i ts  

ex is tence ,  i n  order t h a t  t h e  meta l l ic  po r t ion  could be separated from 

t h e  silicate portion. However, Urey (Ref. 5 )  showed t h a t  a body the 

s i z e  of t h e  moon could not  be cooled t o  t h e  r e q u i s i t e  low temperature 

throughout t he  e n t i r e  l i f e t i m e  of t he  s o l a r  system. 

i n t o  account t he  rad ioac t ive  heating from uranium, thorium, and 

potassium 40, it can be shown - as h e  po in t s  ou t  - t h a t  t h e  radius 

of t h e  parent body could not exceed 1000 km. 

I f  one takes 

I n  addi t ion ,  i t  is  
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completely incomprehensible how a body t h e  s i z e  of a p lane t  could 

be s p l i t  i n t o  ind iv idua l  parts. 

s i o n  of bodies, having similar masses, a t  cosmic v e l o c i t i e s ,  then 

t h e  hea t ing  temperature would have t o  reach tens of thousands of 

degrees, o r  even mre. 

If t h i s  occurred during t h e  c o l l i -  

Urey advanced another hypothesis f o r  t h e  o r i g i n  of meteor i tes ,  

assuming t h a t  these  bodies w e r e  formed i n  a t  least two consecutive 

generations (Ref. 6). In h i s  opinion, t he  f i r s t  bodies w e r e  formed 

a t  comparatively low temperatures, and contained a l a rge  amount of 

thermodynamic, unstable compounds, as w e l l  as f r e e  r ad ica l s .  Exo- 

thermic chemical reac t ions  could take place  i n  such bodies. 

body w e r e  s u f f i c i e n t l y  l a r g e  (according t o  the  estimate made by 

Urey, they must be approximately the  s i z e  of  t h e  moon) and i f  t he re  /7  

w e r e  no explosive d ispers ion  of the substance - i.e., t he  e n t i r e  

substance remained i n  t h e  same bodies - then l o c a l  chemical reac t ions ,  

fusions,  and the  separa t ion  of the metall ic and s i l i c a t e  phases 

could occur. This e n t i r e  process could lead  t o  the  formation of 

r e se rvo i r s  of pure si l icate or  of m e t a l  several o r  more m e t e r s  i n  

s i z e .  The substance f o r  achondrites and i r o n  meteorites could be  

formed i n  t h i s  way. In t h e  opinion of Urey, these  reac t ions  could 

f i r s t  occur on t h e  sur face  of  Such 

growth took p lace  - a t  r a t h e r  large depths, and the  conditions w e r e  

c rea ted  f o r  the  formation of diamonds from graphite.  Widmanst3tten 

f igu res  could thus be gradually formed at  a temperature wi th in  the  

ob jec t  which remained a t  about 45OoC f o r  a long period of t i m e .  

I f  a 

- 

ob jec t s ,  and then - as continuous 

In 
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addi t ion ,  Urey assumes t h a t  such primary bodies, c o l l i d i n g  with 

each other,  broke up i n t o  sections which gradually formed bodies 

having a s t e r o i d a l  dimensions - the immediate parents of t he  me- 

t e o r i t e s  e x i s t i n g  i n  them. 

occurred at comparatively low temperatures, and they produced a 

substance - which had already been developed previously - with a l l  

of t h e i r  cha rac t e r i s t i c s .  

up the  secondary objec ts ,  and t h e  meteorites which w e  know w e r e  

formed. 

The formation of such secondary bodies 

A t  a l a t e r  t i m e ,  new c o l l i s i o n s  broke 

This theory has several advantages, s ince  i t  explains seve ra l  

p e c u l i a r i t i e s  of meteor i tes ,  bu t  it must introduce l a r g e  masses of 

primary bodies i n  order t o  explain t h e  formation of diamonds. 

ever,  t h e  presence of diamonds i n  meteorites i s  a r a t h e r  rare 

phenomenon, and possibly the  grains of diamonds a r e  formed no t  i n  

How- 

primary bodies, bu t  r a t h e r  represent a secondary phenomenon. 

may possibly be formed during l a t e r  c o l l i s i o n s ,  when s i g n i f i c a n t  

l o c a l  pressures arise, o r  even during impacts on the  sur face  of 

the  e a r t h  - s i m i l a r l y  t o  the  formation of k o e s i t e  from quartz.  

addi t ion ,  i t  should be noted t h a t  t h e  recent  discovery of  radio- 

genic xenon 129 i n  many chondrites (Ref. 7) i nd ica t e s  t h a t  such 

radiogenic substances as iod ine  129, plutonium 244, and poss ib ly  

beryll ium 10, aluminum 26, and several  o thers  - which have a very 

s m a l l  h a l f - l i f e  and, consequently, a very l a rge  l i b e r a t i o n  of 

energy - must have ex i s t ed  i n  t h e  p a s t .  

of such elements - which have been completely exhausted by now - 

They 

I n  

However, t he  poss ib l e  r o l e  
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depends on how long ago these  elements could be  formed i n  t h e  s o l a r  

system with respect t o  t h e  formation of t h e  p l ane t s ,  and consequently 

when the  chemical elements could be formed which served as the  b a s i s  

f o r  t h e  subsequent formation of e n t i r e  complexes of bodies i n  t h e  

po r t ion  of t h e  galaxy which they occupied. 

Certain considerations can be formulated i n  opposit ion t o  Urey's 

hypothesis. For example, t h i s  includes t h e  f a c t  t h a t  many polymicti te 

meteorites are, i n  a l l  p robab i l i t y ,  formed from sec t ions  whose s t ruc-  

t u r e  i s  completely diverse,  but which are very similar i n  terms of 

t h e i r  chemical composition. 

probable i f  such meteorites r e s u l t  from the  e n t i r e l y  random accumula- 

t i o n  of composite fragments of primary bodies. Urey a l s o  assumes 

t h a t  achondrites w e r e  formed in primary bodies before the  synthes is  

of chondrites,  bu t  some d a t a  appear t o  r e f u t e  t h i s  supposition. 

In l i n e  with these  considerations, i t  can be s t a t e d  t h a t  - 
according t o  Anders - processes which are similar t o  volcanic erup- 

t i ons  can even occur i n  comparatively s m a l l  bodies,  which are simi- 

l a r  t o  as te ro ids .  These processes w i l l  take p lace  as the  r e s u l t  of 

chemical reac t ions  without t h e  pa r t i c ipa t ion  of water - f o r  example, 

between i r o n  s u l f i d e  (FeS), quartz (SiOz), and carbon (C) . I ron  

can thus  be separated out  in pure form, as w e l l  as SiS, and carbon 

monoxide CO. 

Such a phenomenon i s  only s l i g h t l y  

A reac t ion  such as FeS + Si02 + 2C = Fe + SiS + 2CO is used i n  /8 
p r a c t i c e  f o r  deriving sulphur from steel, and requi res  a temperature 

of about 18OO9K. 
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A reac t ion  such as 2FeS = 2Fe + 52 can a l s o  take place i n  

meteor i tes ,  bu t  it requi res  a higher temperature. I f  such reac t ions  

take place  a t  t h e  boundary between the i r o n  nucleus and t h e  m a n t l e ,  

then gases are l ibe ra t ed  which can reach a r a t h e r  high pressure and 

w i l l  t r a n s f e r  t he  melted material t o  the  sur face  of t h e  body. It 

may be  t h e  case that l o c a l  heating takes place i n  t h i s  way i n  t h e  

i n i t i a l  substance, which would explain c e r t a i n  s t r u c t u r a l  charac te r i s -  

tics of meteorites.  

It can b e  seen from t h e  statements given above t h a t  t he  o r i g i n  

of meteorites has not been f u l l y  explained up t o  the  present  t i m e .  

The d i f f i c u l t i e s  are aggravated by t h e  f a c t  t h a t  the  cosmic age of 

stony and i r o n  meteorites is completely d i f f e r e n t ,  as a ru l e .  This 

age represents  t h e  period of t i m e  i n  which a meteor i te  - a f t e r  being 

separated from t h e  parent  body which i s  much l a r g e r  - r o t a t e s  around 

the  sun s i m i l a r l y  t o  a small planet, and i s  subjected t o  the  bombard- 

ment by cosmic rays and o the r  influences. It i s  thus assumed - which 

is  now considered t o  be absolutely v a l i d  - t h a t  t he  i n t e n s i t y  of cos- 

m i c  rays has remained almost unchanged, a t  least  f o r  hundreds of 

mi l l i ons  of years. However, there  is a c e r t a i n  amount of uncertainty 

regarding the  e f f e c t  produced by the  meteor i te  substance being screened 

by ex te rna l  l aye r s  of i ts  i n i t i a l  mass, up unt i l  it e n t e r s  t he  terres- 

t r i a l  atmosphere. As is known, the content of helium 3 and the  heavy 

hydrogen-tritium isotope i s  used to determine t h e  cosmic age. 

assumed t h a t  the  t o t a l  rate a t  which the  f i r s t  i so tope  is  formed is  

twice as l a r g e  as the  second. As a r e s u l t ,  i t  has been found t h a t  

It i s  



t h e  age of stony meteorites i s  at  least one order of magnitude 

smaller than t h a t  of i r o n  meteorites. Several authors have thus 

drawn t h e  conclusion t h a t  these  v a r i e t i e s  of meteorites come t o  

us from d i f f e r e n t  regions i n  cosmic space. 

Thus, f o r  example, the  cosmic age of t h e  achondrite Abee i s  

13  m i l l i o n  years;  Elenovki- 30 mil l ion  years ;  Kunashak - 4 m i l -  

l i o n  years i n  a l l ;  and only Norton County has an age of 230 mi l l i on  

years.  On t he  o ther  hand, severa l  i r o n  meteorites have cosmic ages 

which exceed mi l l ions  of years - for example, Norfolk, Par6 de Minas, 

Mount Ayl i f f ,  Thunda. Only t h e  Sikhote-Alinskiy i r o n  meteorite i s  

comparatively young, as an individual body i n  the  s o l a r  system; i t s  

age i s  approximately 170 mi l l i on  years. Such a d i f fe rence  cannot be 

a matter of accident. The reason f o r  t h i s  can l i e  i n  the  f a c t  t h a t  

stony and i r o n  meteorites have a d i f f e r e n t  o r i g i n  - t h e  former, i n  

t he  opinion of Urey, could have been e j ec t ed  from t h e  sur face  of 

the  moon toward us, and the  l a t t e r  could have come from t h e  a s t e ro i -  

d a l  zone. I f ,  however, i t  i s  assumed t h a t  a l l  meteorites have the  

same o r ig in  - which seems much more n a t u r a l  - then the  conclusion 

m u s t  be drawn that f o r  various reasons stony meteorites have an 

abnormally small amount of helium 3 and tritium isotopes.  E i the r  

these  gases are generally n o t  completely re ta ined  i n  them, o r  the  

i n i t i a l  sur face  layers  of stony meteorites - which have previously 

screened t h e i r  i n t e r n a l  sec t ions  from bombardment by cosmic rays - 
w e r e  "stripped off" comparatively rap id ly  under the  inf luence  of 

d i f f e r e n t  cosmic bombardments. It i s  d i f f i c u l t  t o  say haw rap id ly  
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t h i s  process could take p lace ,  but t h e  required rate f o r  such 

s t r ipp ing"  would have t o  be approximately 30 cm every tens of 

mi l l i ons  of years.  The rate a t  which such a process occurs can 

be approximately determined by observing meteors, i f  t he  l i f e t i m e  

of such small p a r t i c l e s  in t h e  so l a r  system can be estimated and 

i f  i t  is  poss ib le  t o  trace the  development of t h e i r  i n t e r n a l  

s t r u c t u r e .  I n  t h i s  connection, i t  can be pointed out ,  f o r  example, /9 

t h a t  t h e  co l l ec t ion  of cosmic matter, which w a s  made by the  rocket 

Aerobee 150 (Ref. 8) a t  a l t i t u d e s  between 116 and 168 km above sea 

l e v e l ,  yielded the  following resu l t s .  About 16% smal l  p e l l e t s ,  

72% i r r e g u l a r  fragments with sharp edges, and about 12% p a r t i c l e s  

having an extremely i r r e g u l a r  form, which w e r e  nappy (flaky) i n  

na tu re  (7 pieces pe r  lm2, on t h e  average) adhered t o  spec ia l ly-  

constructed screens which were located i n  the  nose of t h e  rocket. 

According t o  the  estimates of Siberman and Khemenueya, i n  90% of 

the  cases these  p a r t i c l e s  were smaller t h a t  1 micron. It has been 

e s t ab l i shed  f o r  a long period of t i m e  t h a t ,  as a r u l e ,  meteors 

comprising d i f f e r e n t  meteoric streams a l s o  have a very s m a l l  mean 

p a r t i c l e  density,  which r e f l e c t s  the poros i ty  of t h e i r  s t ruc tu re .  

As i s  known, Wood and o thers  have made t h e o r e t i c a l  ca lcu la t ions  

of cosmic e ros ion  on t he  sur face  of s o l i d  objec ts  i n  t h e  s o l a r  

sys t em.  

11 

I n  t h i s  connection, it can be noted t h a t  a photometric study 

of d i f f e r e n t  bodies i n  t h e  s o l a r  s y s t e m  which have no atmosphere - 

f o r  example, the  moon o r  as te ro ids  - i n d i c a t e s t h a t  t h e i r  surfaces 
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have unusual micros t ruc tura l  properties.  For example, the  moon 

looks t o  us l i k e  a f l a t  d i s c  with sharply-defined edges, whose 

br ightness  i s  i d e n t i c a l  with t h e  center of the  d i s c  - i f  t h e  

presence of dark spots ,  t he  so-called seas, is  overlooked. Each 

element on t h e  lunar su r face  is b r igh te s t  during t h e  f u l l  moon - 
i.e., during a phase angle which exactly equals zero. This phase 

curve has a c h a r a c t e r i s t i c  po in t  for t he  moment of t he  f u l l  moon, 

so  that during t h e  phase equaling zero it is  poss ib le  t o  cons t ruc t  

two tangents which are inc l ined  with respec t  t o  both of its s ides .  

The observations of Gerel's and V. G. Teyfel '  a t  t h e  Astrophysical 

Observatory of  t he  Kazakh SSR Academy of Sciences i n  Alma-Ata,  show 

t h i s  e f f e c t  is  more r ead i ly  apparent i n  the  case of  as te ro ids .  

With respec t  t o  t h e  moon, th i s  e f f e c t  has been known f o r  a 

long period of t i m e ,  and various authors have t r i e d  t o  reproduce 

t h i s  s t r u c t u r e  on t h e  sur face  of  a body being s tudied  i n  laboratory 

experiments. This body was illuminated, and observed at  d i f f e r e n t  

angles i n  order  t o  obta in  t h e  phase curve. However, it w a s  found 

t h a t  i t  w a s  not poss ib le  t o  reproduce the  phase curve which w a s  

observed i n  p rac t i ce ,  no matter what t he  degree of unevenness o r  

i r r e g u l a r i t y  f o r  which t h e  e f f e c t  of p a r t i a l  shading w a s  par t icu-  

l a r l y  w e l l  defined, with t h e  phase angle d i f f e r i n g  from zero. 

parent ly ,  i t  must thus be  assumed t h a t  t h e  microstructure of a l l  

such bodies which have no atmosphere - t o  which meteorites belong - 
has a d i f f e r e n t ,  branched form while they are t r a v e l i n g  i n  i n t e r -  

p lane tary  space, and represent d i f f e ren t  gra ins  which adhere t o  each 

Ap- 
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o t h e r  and which have a c e r t a i n  I n  the  case of 

t h e  moon o r  a s t e ro ids ,  these  grains remain i n  contact with each o ther  

due t o  t h e  general force  of  gravity,  but a t  the  same t i m e  they tend 

t o  b e  r epe l l ed  by t h e i r  s i m i l a r  charges. 

a c t u a l l y  subjected t o  in te rp lane tary  erosion throughout t h e i r  lifetime, 

and the re fo re  they can have sharply-defined c h a r a c t e r i s t i c s  i n  t h i s  

respect.  On the  lunar  sur face  - where t he re  i s  a d i f f e r e n t  type of 

evolutionary processes and where individual sec t ions  have a d i f f e r e n t  

age - t h i s  e f f e c t  i s  less pronounced on t he  average. 

which have t rave led  f o r  mi l l ions  of years i n  in t e rp l ane ta ry  space, 

cannot r e t a i n  matter which i s  pulverized by such bombardments, and 

they form an extremely f i n e  dus t ,  which comprises the  over-all  cos- 

mic dus t  background of in te rp lane tary  space. 

out t h a t ,  according t o  recent  da ta  ( the  estimates of Hawkins [Ref. 91 

and o the r s ) ,  t he  amount of meteors having an a s t e r o i d a l  - i.e., a 

purely meteorit ic-origin i s  approximately seve ra l  percents of t h e  

t o t a l  number of meteors which are d e f i n i t e l y  r e l a t e d  t o  comets and 

which represent t h e i r  decomposition product. 

e l e c t r o s t a t i c  charge. 

The sur face  of a s t e ro ids  i s  

Meteorites,  

W e  would l i k e  t o  po in t  

/10 

Thus, w e  cannot deny t h e  p o s s i b i l i t y  of comparatively rap id  

d e t e r i o r a t i o n - i n d  e x f o l i a t i o n  of the  ou te r  l aye r s  of stony meteorites 

i n t o  surrounding space. 

t hese  meteorites must be smaller than  iron meteorites,  and t o  a 

lesser ex ten t  must be ab le  t o  accumulate decomposition products due 

t o  t h e  e f f e c t  of primary cosmic rays. 

Due t o  t h i s  process, i n  t he  f i n a l  ana lys i s  

It i s  evident t h a t  when a meteor i t ic  m a s s  t r a v e l s  through the  
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terrestrial atmosphere i t s  surface undergoes considerable melting, 

with the  t o t a l  l o s s  of i t s  i n i t i a l  microstructure,  which w e  mentioned 

above. Traveling hundreds of kilometers i n  the  form of an incandes- 

cent bol ide,  the  meteor comes t o  a stopping point.  H e r e ,  t he  re- 

s i s t a n c e  stress increases  t o  a maximum, and the  meteori te  p a r t i a l l y  

d i s in t eg ra t e s  i n t o  several individual  fragments. As they f a l l  t o  

t he  ea r th ' s  surface,  they cover an e l l i p t i c a l  a rea  of severa l  tens  

of square kilometers. In t h i s  respect ,  i r o n  and stony meteorites 

behave i n  the same way. This w a s  the  case with the  f a l l  of t he  w e l l -  

known Sikhote-Alinskiy i ron  meteorite,  whose fra-mnents covered an 

a rea  of 1.6 km2. Due t o  t h e i r  i r r egu la r  form, such meteor i t ic  

masses undergo s t rong  decelerat ion i n  the  atmosphere. The behavior 

of t h e  l a r g e s t  individual  lump of of t h e  Sikhote-Alinskiy f a l l  was 

p a r t i c u l a r l y  cha rac t e r i s t i c .  It weighed 1750 kg, and w a s  found i n  

the  rear sec t ion  of a s c a t t e r i n g  e l l i p s e  f a r  to / s ide  of the  meteorite 
the 

t r a j ec to ry .  Due t o  i t s  i r r e g u l a r ,  f l a t  form, it underwent par t icu-  

l a r l y  s t rong decelerat ion and t raveled f a r  t o  the  s ide.  

Similar ly ,  during the  recent  f a l l  of t he  sulphur chondrite 

Bruderheim, which occurred on March 4, 1960 (Ref. lo) ,  the  detona- 

t i n g  bol ide was  seen above 300 km, and t h e  noise  produced by i t  w a s  

heard over an area of about 4000 km2. The bol ide  had an i n i t i a l  

ve loc i ty  of about 12 - 16 km/sec. The s c a t t e r i n g  e l l i p s e  w a s  covered 

by numerous fragments; t h e  over-all weight w a s  approximately 300 kg, 

while t he  l a rges t  fragment weighed 31 kg. 

which w e r e  found weighed less than 100 g each. The s c a t t e r i n g  e l l i p s e  

Five hundred o ther  pieces 

dimensions w e r e  5.6 x 3.6 km, and the l a r g e s t  masses usually f e l l  i n  

13 



i t s  forward sec t ion .  A l a r g e  lump of t he  Sikhote-Alinskiy meteor i te  

represented an exception t o  t h i s ,  due t o  i t s  i r r e g u l a r  form and due 

t o  t h e  exceptionally l a rge  dece lera t ion  r e l a t e d  t o  t h i s .  

The f a l l  of enormous me teo r i t i c  masses is invar iab ly  accompa- 

n ied  by t h e  formation of c r a t e r s  and holes. 

t he  only known craters i n  t h e  USSR are being s tudied  a t  the  i s l a n d  

of Saarema (Ezel') , which were previously s tud ied  by Reynval'd. 

Some da ta  on t he  formation mechanism of me teo r i t i c  craters w e r e  

obtained during the  explosions of atomic bombs - perhaps the  only 

usefu l  appl ica t ion  of these  experiments. 

A t  t he  present  t i m e ,  

The formation mechanism of meteor i t ic  craters w a s  examined 

by Shoemaker, f o r  supersonic v e l o c i t i e s  of t he  f a l l i n g  meteorite (Ref.11). 

In p a r t i c u l a r ,  he performed a theo re t i ca l  i nves t iga t ion  of a f a l l  

a t  t h e  ve loc i ty  of 15 km/sec, which apparently corresponds t o  

the  formation of t he  Arizonskiy crater. The meteor i te  f e l l  onto 

the  ground, contracted and melted rocks i n  f r o n t  of i t ,  and w a s  

contracted i t s e l f .  Within t h e  meteorite,  a shock wave w a s  propa- 

gated. An expansion wave w a s  r e f l ec t ed  back through the  meteor i te ,  

and it expanded - but  it moved a t  a decreased ve loc i ty  of about 

5 k d s e c .  

contracted,  melted rocks i n  f r o n t  of t he  meteorite.  The contracted 

por t ions  of t he  melted rock and the meteorite w e r e  t h r u s t  t o  t he  

s i d e ,  along the  path through which i t  passed. 

propagated t o  the  s i d e  of t he  depression, t he  depression expanded, 

and t h e  melted mass and fragments w e r e  t h r u s t  outwards. 

A l a r g e  po r t ion  of i t s  energy w a s  thus t ransmi t ted  t o  t h e  

The shock wave w a s  

/11 

I f  a t o t a l  
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energy of 1.7 megatons and a ve loc i ty  - as w a s  ind ica ted  - of 

15 km/sec are assumed, a m a s s  is obtained f o r  t h e  meteorite of 

63,000 tons. 

mass must be about 24.8 m. I n  t h i s  connection, i t  can be r eca l l ed  

t h a t  i n  t h e  case of the  Sikhote-Alinskiy f a l l  bare ly  more than 

100 tons of i r o n  mass f e l l  on t h e  su r face  on the  whole, i n  a 

pulverized s ta te  and a t  a ve loc i ty  which d id  not  exceed 600 m / s e c .  

Nevertheless, a l a r g e  amount of craters w a s  formed i n  t h e  rock 

of t h e  Sikhote-Alinskiy mountain range. The r e s u l t s  obtained by 

Shoemaker are therefore  completely p l aus ib l e ,  because he inves t iga ted  

a s i n g l e  l a rge  mass moving at  a ve loc i ty  which w a s  f a r  from exceeding 

t h e  ve loc i ty  of sound. 

For a density of 7.85 g/cm3, t h e  diameter of t h i s  

According t o  present  estimates, t h e  Arizonskiy crater w a s  formed 

about 25,000 years ago, and has been f a i r l y  w e l l  re ta ined  t o  t h e  

present  due t o  i ts  unusual dimensions, and a l s o  because i t  is located 

i n  a d e s e r t  region. It i s  i n t e r e s t i n g  t o  recall t h a t  several years 

ago i t s  me teo r i t i c  na tu re  w a s  questioned. I n  passing, i t s  c lear ly-  

expressed rectangular form, and not rounded, was pointed ou t ,  as 

w e l l  as t h e  absence of buried me teo r i t i c  masses wi th in  it. Somewhat 

later, numerous me teo r i t i c  masses were found i n  t h e  immediate v i c i n i t y  

of t h e  crater, weighing up t o  seve ra l  hundreds of kilograms, so  t h a t  

t h e r e  w a s  no question of i ts  meteor i t ic  nature.  

ind isputab le  ind ica t ions  of i t s  me teo r i t i c  na tu re  have recent ly  been 

e s t ab l i shed  i n  the  observed damage t o  t h e  r e l i e f  - t h e  so-called shock 

cones and the  presence of a superhard modification of quartz-koesite. 

I n  addi t ion ,  o ther  
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Cosmic f a l l s  a t  a ve loc i ty  on t he  order of 15 km/sec can pro- 

duce b r i e f  pressures i n  mi l l ions  of atmospheres. Normal volcanic 

eruptions are accompanied by pressures of only hundreds of atmos- 

pheres - a comparatively negl ig ib le  amount. Thus, a long t i m e  

a f t e r  t he  disappearance of a c r a t e r  which has been formed, and 

even a f t e r  t h e  disappearance of t h e  f a l l i n g ,  pulverized fragments 

of t h e  i n i t i a l  me teo r i t i c  mass, t h e  c h a r a c t e r i s t i c  s igns  s t i l l  

remain which are produced by these unusually in t ense  and sudden 

shock waves. 

of this. The sec t ions  of mountains,whieh are charac te r ized  by 

an unusual conical form and by folds going out  from one poin t ,  

as from an apex, are ca l l ed  by this name. They range i n  s i z e  from 

several centimeters t o  several meters. During t h e  impact, such 

a shock cone i s  broken up i n t o  similar cones which are smaller. 

These formations are most frequently encountered among deposits of 

limestone o r  of sand, bu t  they a re  a l s o  encountered i n  any rock. 

They w e r e  f i r s t  discovered i n  Southern Germany i n  the  Shteinheim 

Basin. 

The shock cones ind ica ted  above are t h e  b e s t  example 

Dietz (Ref. 12)  ca r r i ed  out p a r t i c u l a r l y  d e t a i l e d  searches 

f o r  and s tud ie s  of such formations; h e  found several shock cones 

i n  t h e  USA. I n  t h e  S t a t e  of Indiana, he found several such for- 

mations with an age of 400 mil l ion  years.  As a r u l e ,  shock cones 

are o r i en ted  a t  r i g h t  angles t o  the s t r a t i f i c a t i o n  p lane  of 

sedimentary rock. This shows t h a t  t h e  momentum forming them m u s t  

have come from above, during the  impact of an enormous meteor i te .  
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Additional proof f o r  t h i s  process i s  provided by t h e  p o s s i b i l i t y  of 

a r t i f i c i a l l y  reproducing shock cones, even though only on a very 

s m a l l  scale - f o r  example, by shooting a s h e l l  moving a t  a ve loc i ty  

of about 100 km/sec from a gas gun i n t o  a block of limestone. 

a r e s u l t ,  very small, bu t  very d i s t i n c t ,  shock cones are formed i n  

t h i s  block. 

As 

It is i n t e r e s t i n g  t o  note  tha t  such formations can be r ead i ly  

observed i n  f o s s i l  meteorite c ra te rs ,  and not i n  craters of recent  

o r ig in .  

shock wave decreases inverse ly  proportionally t o  the  s i x t h  power 

of t h e  distance,  and therefore  t h e  shock cones are most d i s t i n c t l y  

formed i n  those craters where they are p i l e d  up as pulver iza t ion  

products. Nevertheless, Chao recently discovered s m a l l  shock 

cones on t h e  southern edge of t h e  Arizonskiy crater. 

This i s  r e l a t e d  t o  the  f ac t  t h a t  t he  i n t e n s i t y  of t h e  

The shock cones made i t  possible t o  e s t a b l i s h  the  f a c t  t h a t  

enormous meteorites f e l l  repeatedly on our p lane t  i n  t h e  f a r  re- 

moved p a s t ,  forming l a r g e  craters. The fourteen meteor i te  craters 

which are known a t  t h e  present  time p e r t a i n ,  i n  essence, only t o  

the  recent  p a s t  of t h e  ear th .  

l a r g e  f a l l  occurs every 10,000 years, then no less than 50,000 

g i g a n t i c  meteorites could f a l l  on the e a r t h  during i ts  l i f e t ime .  

The v i s i b l e  traces of t h e  f a l l s  have disappeared long ago, b u t  

i n  several cases i n d i r e c t  evidence remain - i n  p a r t i c u l a r ,  shock 

cones. The so-called Vrederfort r ing e x i s t s  i n  South Afr ica ,  

loca ted  near P re to r i a .  It w a s  apparently formed about 250 b i l l i o n  

If it i s  even assumed t h a t  one 
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years  ago during t h e  f a l l  of an asteroid having a diameter of 

about 1.5 km. As a r e s u l t ,  a c r a t e r  was  formed having a diameter 

of almost 50 km and a depth of 15 km, as c lose ly  as can be estimated. 

The explosion which was  thus produced w a s ,  apparently, a mi l l i on  

times s t ronger  than during the  eruption of t h e  volcano Krakatoa i n  

1883, when h a l f  of t h e  mountain flew i n t o  the  a i r  and was dissemi- 

na ted  i n t o  the  atmosphere over the entire terrestrial  sphere i n  the  

form of a f i n e  dust. 

Another product of a shock wave i s  t h e  superhard form of  quartz- 

koes i te .  

requi res  a pressure  of 20,000 am, which apparently corresponds t o  

a depth exceeding 60 km. 

discovered i n  several craters, where quar tz  w a s  t he  o r i g i n a l  material. 

In t h i s  connection, i t  is i n t e r e s t i n g  t o  note t h a t  i n  meteorite 

fragments co l l ec t ed  around the  Arizonskiy c r a t e r  s m a l l  granules of 

diamonds w e r e  encountered, which were formed from carbon a l s o  a t  

a very high pressure. 

A r t i f i c i a l  koes i t e ,  which has been prepared i n  a labora tory ,  

This modification of quar tz  has a l s o  been 

It should be noted t h a t  t h e  formation of k o e s i t e  dur ing  t h e  

impact of meteorites on the  ground, as t he  r e s u l t  of t he  e n o m u s  

pressures  which are produced, shows t h a t  t he  same mineral i s  formed 

a l s o  during atomic explosions, i n  the  c r a t e r s  which are thus formed. 

Tekt i tes  a l s o  represent  a similar problem; up t o  the  present ,  

t h e i r  o r i g i n  remains enigmatic. According t o  t h e  r e s u l t s  obtained 

by Ehmann (Ref.  13) i n  1958, the  radioactive i so tope  of aluminum 26 

e x i s t s  i n  t e k t i t e s ,  and i f  t h i s  i s  so, then such bodies undoubtedly 
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have a cosmic or ig in .  However, very recent ly  V i s t e  and Anders 

(Ref. 14) t r i e d  t o  ve r i fy  t h i s  by studying 79 t e k t i t e s  from 

Aus t r a l i a  and Southeast Asia, using t h e  spectrometric method of 

gamma-gamma agreement. 

f i n d  any p o s i t i v e  traces of aluminum 26. 

authors,  t h e  negative r e s u l t s  w h i c h  they obtained d id  not  def in i -  

t i v e l y  cont rad ic t  t h e  assumption regarding t h e  cosmic o r i g i n  of 

t e k t i t e s .  They assumed t h a t  t h e  following a l t e r n a t i v e s  are 

possible:  e i t h e r  t he  t e k t i t e s  were subjected t o  bombardment i n  

cosmic space f o r  a comparatively short  period of t i m e  - f o r  

example, less than 10,000 years - o r  they were i n i t i a l l y  contained 

i n  enormous bodies which could pro tec t  them from t h e  d i r e c t  ac t ion  

of cosmic rays. 

Not i n  one s i n g l e  case  w e r e  they ab le  t o  

As i s  indica ted  by these  

I n  any case, t h e  hypothesis of Urey and Koman regarding the  

i n t e r s t e l l a r  o r i g i n  of t e k t i t e s  must be regarded as completely 

untenable. The hypothesis t h a t  t e k t i t e s  belong t o  t h e  p lane ts  of 

t he  s o l a r  system is extremely improbable, and t h e  hypothesis t h a t  

they w e r e  e j ec t ed  from the  moon -which hypothesis i s  now upheld 

by many authors, including Chepmen - is  possible.  However, t h i s  

hypothesis encounters several d i f f i c u l t i e s .  I n  p a r t i c u l a r ,  113 

s p e c i a l  o r b i t s  are required,  along which t h e  p a r t i c l e s  which are 

e j e c t e d  from t h e  moon can reach t h e  e a r t h  a f t e r  a comparatively 

s h o r t  period of t i m e .  I n  addition, it must be  assumed t h a t  tek- 

t i tes  were not e j ec t ed  from the  lunar sur face  - where they could 

be ac ted  upon by cosmic influences - but from a depth of  a t  least 
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several meters o r  more. Along w i t h  t h i s ,  i f  lunar  matter were 

e j ec t ed  from shallower l e v e l s ,  then there  would have t o  be 

samples containing aluminum 26 and o ther  s imi la r  isotopes,  i n  

addi t ion  t o  t h e  normal t e k t i t e s  without cosmogonical isotopes.  

I n  any case, various authors - such as Varnes (Ref. 15) - 
who do not subscribe t o  the  hypothesis of t e k t i t e s  o r ig ina t ing  

from the  moon, a l l  ind ica t e  t h a t  t h e s e  bodies a re  not fragments 

of larger bodies, t h a t  i n  regions where g igant ic  meteorites are 

known t o  have f a l l e n ,  forming c ra t e r s ,  no t e k t i t e s  a r e  encountered. 

They a l s o  point out t h a t  a u s t r a l i t e s  have twofold cha rac t e r i s t i c s  - 
i n i t i a l  melting and rapid s o l i d i f i c a t i o n  of the  given substance, 

and then secondary surface treatment, which i s  apparently r e l a t ed  

t o  the  t e k t i t e s  passing through the terrestrial atmosphere. 

must be noted t h a t  o ther  types of t e k t i t e s  do not have t h i s  

cha rac t e r i s t i c .  F ina l ly ,  i t  is  pointed out by everyone t h a t  the  

e n t i r e  form and i n t e r n a l  s t ruc ture ,  t he  tensions wi th in  the  mass, 

the  tension bands - detected by polar iza t ion  methods - and even 

the  presence of pores within the  t e k t i t e s  - a l l  of t h i s  points  

t o  the  f a c t  t h a t  such bodies w e r e  subjected t o  rapid melting and 

cooling. 

It 

It i s  a l so  extremely improbable t h a t ,  as the  r e s u l t  of impac- 

t i n g  on the  terrestrial surface,  a substance could be  e jec ted  

wi th in  the  limits of the  t e r r e s t r i a l  atmosphere, be cooled, and 

again pass through the atmosphere - forming r a the r  compact knots 

f a l l i n g  only on d e f i n i t e  sect ions of the  ea r th ' s  sphere. There 



are no ind ica t ions  t h a t  any catastrophic phenomena on the  e a r t h  

are r e l a t e d  t o  the  formation of t e k t i t e s :  craters, although f a r  

enough away from where they are located, o r  g igan t i c  floods as 

t h e  r e s u l t  of enormous a s t e r o i d a l  masses f a l l i n g  i n t o  the  ocean, 

o r  any o ther  similar phenomenon. Therefore, it i s  more probable 

t h a t  t h e  moon is t h e  o r i g i n  of t e k t i t e s .  

As is known, t e k t i t e s  have not been found i n  the  USSR. I n  

t h i s  connection, i t  i s  i n t e r e s t i n g  t o  note t h e  f a c t  t h a t  t h e  

geologist  G. T. Kravchenko has found small s i l i c a t e  p e l l e t s  whose 

form i s  very reminiscent of congealed drops of g las s ,  sometimes 

with sharp branches and bubbles inside,  which p e r t a i n  t o  t h e  

quaternary o r  t o  t h e  later t e r t i a r y  per iod  - i.e., they are about 

a mi l l i on  years old. Do they represent formations which are 

similar t o  t e k t i t e s ?  I can a l s o  point t o  the  c y r i l l i d e s  - t o  t h e  

procession of an e n t i r e  group of slow bol ides ,  which was observed 

i n  Canada on February 9, 1913, which i s  r e l a t e d  t o  t e k t i t e s  by 

seve ra l  authors, f o r  example O'Keefe (Ref. 16). 

On t h e  b a s i s  of e x i s t i n g  data,  this process seems t o  represent 

e a r t h  satellites, which have penetrated the  e a r t h ' s  atmosphere a f t e r  

several revolutions and have f i n a l l y  ceased t o  exist. W e  can a l s o  

poin t  ou t  t h e  recent  discovery by Kordilevskiy of  two e a r t h  satel- 

l i t es  which have t h e  form of i n d i s t i n c t  dark spots.  

represent  more o r  less compact meteor c l u s t e r s  which are formed a t  

They apparently 

the  d is tance  of t he  

angular d i s tance  of 

l una r  o r b i t  at  two l i b r a t i o n  po in t s ,  a t  an 

60" i n  f r o n t  of and behind t h e  moon. 
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The recent  discovery of a carbonaceous type of organic compound 

i n  meteorites has caused a g rea t  sensation. 

Meynsheyn, and Kenessi s tud ied  the  hydrocarbon content i n  t h e  car- 

Thus, f o r  example, Nagi, 

bonaceous meteor i te  Orgueil, and used a mass-spectrograph t o  compare 

t h e  spec t r a  of t h e  d i s t i l l e d  meteor i t ic  substance with o ther  sub- 

stances - o i l  and a d i f f e r e n t  substance from recent  deposits. As 

a r e s u l t ,  they came t o  t h e  following conclusion: "Although t h i s  

114 

ana lys i s  probably does not  contain a l l  of t h e  hydrocarbon i n  the  

meteorites having high molecular weight, t he  ana lys i s  which w e  

performed shows t h a t  the hydrocarbons i n  t h e  meteorite Orgueil 

i n  many respec ts  resemble t h e  products of l i v i n g  organisms i n  

terrestrial deposits.  

On the bas i s  of t h i s  preliminary study, it can be concluded 

t h a t  l i v i n g  forms ex i s t ed  i n  other regions of t h e  universe beyond 

t h e  limits of the  earth". 

It should be noted t h a t  t h i s  conclusion, which apparently 

has no r e l a t ionsh ip  with ideas on the  o r i g i n  of meteorites and 

t h e  physical p roper t ies  of the so la r  system, has encountered 

c r i t i c i s m  from s p e c i a l i s t s .  Professor Bernal quickly opposed 

t h i s  conclusion. Anders opposed t h i s  work on t h e  b a s i s  of t h e  

same material taken from the  New York Museum, and voiced several 

s i g n i f i c a n t  objections t o  it. For example, he pointed out  t h a t  

theagreement between the  mass-spectra, ind ica ted  by Nagi, w a s  very 

weak, and t h a t  t he  biogenous material agreed very poorly. H e  a l s o  

pointed out t h a t  t h e  meteoric substance used could b e  e a s i l y  f i l l e d  
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with organic admixtures, t h a t  carbonaceous chondrites are very porous 

and r ead i ly  absorb 

adsorbing p a r t i c u l a r l y  r ead i ly  atmospheric argon, as w a s  pointed 

out  by Shtauf fer  i n  1961. The meteorite Orgue5l had remained i n  

the  museum about 100 years. 

any changes i n  the composition of t he  a i r  - 

As Anders noted fu r the r ,  i f  the meteor i te  Orgueil ac tua l ly  

contained hydrocarbons, they would have been broken down a f t e r  

e x i s t i n g  f o r  several years  i n  cosmic space due t o  t h e  bombardment 

by cosmic rays. I n  addi t ion ,  because t h i s  meteorite contained 

sulphur a l so ,  a t  a comparatively l o w  temperature - f o r  example, 

about 400" C - it can change hydrocarbons s i g n i f i c a n t l y ,  and f o r  

t h i s  reason t h e i r  f i n a l  d i s t r i b u t i o n  must d i f f e r  considerably 

from t h e  i n i t i a l  d i s t r ibu t ion .  

t h a t  primary hydrocarbon compounds arise n a t u r a l l y  even under 

conditions of i n t e r s t e l l a r  space, due t o  which f a c t  comets have 

an abundance of carbon compounds - as t h e i r  spec t r a  show. 

no-one w i l l  s ta te  t h a t  any resemblance t o  organic l i f e  can exist 

i n  comets due t o  t h i s  f ac t .  I n  general, i t  m u s t  be s t a t e d  t h a t  

t h e  conclusions of Nagi and h i s  co-authors with respec t  t o  t h e  

ex is tence  of  l i v i n g  organisms i n  meteorites are absolu te ly  un- 

tenable. 

F ina l ly ,  i t  is generally known 

However, 

I n  conclusion, we should note t h a t  as t h e  study of meteorites 

advances, i n t e r e s t i n g  new problems are confronting sc ience ,  which 

connect these formations with d i f f e r e n t  aspects of t h e  evolution 

of t h e  planetary system. Previously, i n  t h e  f i r s t  epoch when 
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sc ience  recognized them, meteorites w e r e  regarded simply as 

i n t e r e s t i n g  r a r i t y  stones which traveled from space. Their 

c lose  r e l a t ionsh ip  with physical conditions e x i s t i n g  i n  i n t e r -  

p lane tary  space, primarily with cosmic r ad ia t ion ,  has now been 

c l a r i f i e d .  

topes having a s h o r t  l i f e t ime .  

c l e a r l y  ind ica t e s  haw complex were t h e  conditions under which 

t h e  s o l a r  systemwas formed i n  the  p a s t ,  when b r i e f  radiogenic 

elements could have an influence.  The content of d i f f e r e n t  

gases i n  meteorites also represents a problem which is f a r  from 

being solved. 

Gerling and Levskiy i n  1958 of an unusual abundance of i n e r t  

gases i n  t h e  meteorite Staroye Pes'yanoye. Not only was t h e  

content of helium and neon much grea te r  than i n  any meteorite,  

bu t  a l s o  t h e  r a t i o  of isotopes was completely d i f f e r e n t .  These 

r e s u l t s  of Gerling and Levskiy, which w e r e  confirmed i n  1961 by 

Shtauf fer ,  as w e l l  as similar r e s u l t s  by Tseringer,  Gertner, 115 

and o the r s ,  show t h a t  w e  have here a problem which is more 

general  i n  na tu re  than w a s  f i r s t  assumed. 

Due t o  t h e  complexity and uniqueness of t h e  questions re- 

The latter appears i n  the  presence of d i f f e r e n t  iso- 

The very s t r u c t u r e  of meteorites 

It is s u f f i c i e n t  t o  po in t  ou t  t h e  discovery of  

l a t i n g  t o  t h i s ,  a s p e c i a l  de t a i l ed  study must be devoted t o  t h e  

problem of the  presence of gases i n  meteorites and of isotopes 

e x i s t i n g  i n  them. 
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